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Abstract 





[d Corporate fed Microstrip Antenna Array (MSAA) and Electromagnetically 
Coupled Microstrip Antenna Array (EMCP-MSAA) : A comparison 


[L Based on the analysis of different microstriplines of varying line widths, a 
low loss feed network is proposed. 


[l Gain improvement of 25% (1.5 dB) is achieved using the proposed feed 
network in 2x2 EMCP-MSAA. 


Ad 8x8 MSAA - designed and fabricated at Ka-band. Measured Bandwidth: 
4.3% and Gain: 24dB. 


LJ Bandwidth enhancement done by designing and fabricating EMCP-MSAA. 
Bandwidth:17% for 8x8 array. 


wae words: Antenna array, Bandwidth, Electromagnetically Coupled (EMCP), 
High Gain, Microstrip. 
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Introduction 





¢ Millimeter-Waves Applications are of increasing interest 
because of the wide bandwidth available and small size. 


¢ Wide bandwidth supports high speed data transmission 
and video distribution. 


e High gain antennas are required to overcome 
atmospheric attenuation due to absorption of microwave 
energy by water vapors or molecular oxygen in long 
range communication systems. 


e High gain Microstrip Antenna Array and Broadband 
EMCP antenna arrays have been designed. 
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Analysis of Single Patch and EMCP 


Antennas 


Substrate para: €r=2.2, h=0.254mm, tan 6 = 0.001 





+> Patch 





SMA Connector 





Patch antenna with its Top and Side view EMCP antenna with its Top and Side view 


Edge impedance for single patch at 35.5GHz is approximately 200 © and for EMCP 
patch is nearly 50 Q. 
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S11(dB) 


Analysis of Single Patch and EMCP 


Antennas 





Gain of EMCP antenna 


“ Patch antenna =— -+ = (zain of patch antenna 


— F A CP antenna 


Gain (dBi) 





32 34 36 38 40 42 44 46 


32 34 36 38 40 42 44 46 
Frequency (GHz) 


Frequency( GHz) 


EMCP Antenna gives larger bandwidth from 33-42GHz (24%) and Patch 
antenna gives bandwidth from 34.3-36GHz (2.4%) 
EMCP Antenna gives larger gain of 8.8dB over its bandwidth and Patch 


antenna gives gain of 7dB 
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e Substrate para: €r=2.2, h=0.254mm, tan 6 = 0.001 
e Patch length 2.6mm and width 2.8mm 
e Distance between the patches Is taken as 5.8mm (0.697)0) 
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Patch & feed network _ | 
‘ST, substrate Microstrip lines of 0.44mm (70.7 Q) 


T SMA Connector <————] ooo and 0.22mm (100 Q ) are used. W2, 
W3, W4 and W6 are 0.44mm (70.7 Q). 


W5 and W7 are 0.22mm (100 Q). 





2x2 array 
— 4X4 array 
—— 8x8 array 


S11(dB) 


34.0 345 35.00 35.5 360 36.5 37.0 


Frequency(GHz) 
2x2 35.7 
4x4 35.3 
8x8 35.75 


As the size of the antenna array increases, gain increases and bandwidth also increases. 





Gain (dBi) 





12.7 
18.4 
24.2 


34.5 


Gain 2x2 Antenna Array 
Gain 4x4 Antenna Array 
Gain 8x8 Antenna Array 


35.0 SS 36.0 36.5 
Frequency (GHz) 


35.3-36.2(2.5%) 
34.8-35.8(2.8%) 
34.8-35.8(2.8%) 








S, (dB) 


T “Simulateds, O O 
Measured S, 





33.0 33.5 34.0 34.5 35.0 35.5 36.0 36.5 37.0 
Frequency (GHz) 


Measured bandwidth (S:1—-10dB) : 





I 0 ph 33.6-35.3GHz (4.3%) 
—— H-plane 
-10 ——— H-xpol 
-20 ON 
30 > \ SLL better than -13dB 


90 











100 © , 022mm 
70.7 ©., 0.44mm 


$0 C2. 0 77nmn 


10 20 
Frequency(GHz) 








30 





40 


+ 
9 





Gain of the antenna is 
improved by using low loss 
feed lines at Ka-band 


50 Q line becomes more lossy 
at Ka-band than a frequency 
below 10GHz 


Order of losses at higher 
frequency: 
50 O > 70.7 O > 1000 


Width of the lines of feed 
network must be chosen 
depending upon frequency of 
operation to reduce losses to 
improve the antenna gain. 
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S11 (dB) 














Low Loss 
Feed 
Network 





= = = {zain with Lossy Feed Network 


== =] osy fed network 
Crain with Proposed Peed Network 


oe Proposed feed network 


Gain (dBi) 





at a3 34 AS J5 av 3% 49 AT 
Frequency (OTT) 


Frequency ( {eH a) 


Gain improvement of >1.5 dB using the low loss network in 2x2 EMCP-MSAA 
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EMCP 
S Patches 











i 





atches and feed network 


Coaxial Feed 


Ground plane P 


2x2 13.6 32.3-40 (19.9%) 
4x4 18.7 32.9-39.3(17.7%) 
8x8 24.2 33.6-39.4(15.8%) 


Bandwidth of the antenna increases 
due to electromagnetic coupling of 
the patches 

As the size of the antenna array 
increases, gain increases but 
bandwidth decreases slightly 


Substrate ' 


: Measured $11 
== - Simulateci $11 
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PR E 
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BE. 
EE. 
EE. 
0 —— Ë-plane 
0 330 E-xpol 
—— H-plane 
-10 —— H-xpol 
-20 300 . . 60 
-30 
30 32 34 36 38 40 -4() 270 90 





Frequency (GHz) 


Conclusions 





EMCP Antenna Array technique gives broad 
bandwidth and high gain. 


It has been analyzed that order of losses in 
microstriplines at higher frequency is as follows: 


50 Q > 70.7 Q > 1000 


Gain improvement of 1.5 dB using the low loss 
network in achieved in 2x2 EMCP-MSAA 


Due to low loss feed network EMCP antenna array 
gives gain of at least 25 dB. 


With lossy feed network the gain would have been 
even lower than Microstrip Antenna Array. 
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